The discovery of a number of gamma-ray bursts with duration exceeding 1,000 seconds, in particular the exceptional case of GRB 111209A with a duration of about 25,000 seconds, has opened the question on whether these bursts form a new class of sources, the so called ultra-long GRBs, or if they are rather the tail of the distribution of the standard long GRB duration. In this Letter, using the long GRB sample detected by Swift, we investigate on the statistical properties of ultra-long GRBs and compare them with the overall long burst population. We discuss also on the differences observed in their spectral properties. We find that ultra-long GRBs are statistically different from the standard long GRBs with typical burst duration less than 100-500 seconds, for which a Wolf Rayet star progenitor is usually invoked. We interpret this result as an indication that an alternative scenario has to be found in order to explain the ultra-long GRB extreme energetics, as well as the mass reservoir and its size that can feed the central engine for such a long time.
INTRODUCTION
Gamma-Ray Bursts (GRBs) are among the most extreme events in the Universe (see the review by Meszaros 2006) . Their distribution of duration is very broad, as they can last for a few milliseconds to several hundreds of seconds (see for instance Kouveliotou et al. 1993) . Despite these events present an extreme diversity in terms of duration (spanning about 6 decades), variability (4 decades), energy span (8 decades when considering the afterglow phase), peak energy (2 decades), so far they have been categorized in only 2 classes (Dezalay et al. 1992; Kouveliotou et al. 1993 ). This classification is based on both their temporal and spectral statistical properties. It is this categorization that led to further studies such as the localization of the events with respect to the host galaxy (e.g. Fong & Berger 2013) , pointing toward a different progenitor nature, respectively a binary system of neutron stars (Eichler et al. 1989) for the short GRBs (hereafter sGRBs) and a collapsar (Woosley 1993) for the long GRBs (hereafter lGRBs). Though finding categories in a phenomenon does not necessary imply a different nature, this approach leads often to advances in its comprehension: a typical example is the unified model of AGNs (see Antonucci 1993 , for a review) that was able to explain in a coherent picture the various manifestations of AGNs, such as Seyfert I, II, III, BL Lac, radio loud galaxies, etc.
The collapsar model has been proposed in order to explain the amount of energy needed for a lGRB to be produced, and it has been effective in explaining several properties of these sources: e.g. the presence of a supernova (Hjorth et al. 2003; Stanek et al. 2003) or the observation of stellar winds around the burst source (Gendre et al. 2004 (Gendre et al. , 2007 . However, spectroscopic obmichel.boer@unice.fr servations point toward objects with few (if any) hydrogen still present in the envelope leading to the hypothesis that the progenitor of lGRBs is a Wolf-Rayet type star (e.g. Chevalier & Li 1999) .
Recently Gendre et al. (2013) have proposed that GRB 111209A could not be explained by the explosion of a Wolf-Rayet star, and had properties that were markedly different from those of other GRBs, pointing possibly towards a new kind of high energy source. These socalled ultra-long GRBs (hereafter ulGRBs) last more than 10 4 seconds. In Gendre et al. (2013) , as well as in Stratta et al. (2013) several hypothesis for the progenitor were tested. The conclusion was that extremely massive stars, such as blue or yellow supergiant stars, can accommodate the observations. This result was later confirmed by Levan et al. (2013) for GRB 111209A, who added a new member to the class: GRB 101225A. Their conclusion was however questioned in Virgili et al. (2013) who claimed that ulGRBs are rather the tail of the distribution of normal long GRBs and as a matter of consequence does not correspond to a new class of possible progenitors.
In an even more recent paper Zhang et al. (2013) tried to derive the actual duration of the central engine activity by modeling the overall light curve in X-rays and using a theoretical model to propose a measure of it. They claim that the effective burst durations range continuously between 0.1 and 10 6 seconds instead of the observed usual t 90 durations that displays a strongly peeked histogram around 100 seconds, with only 2 events lasting longer than 10,000 seconds (actually the 2 ulGRBs GRB 101225A, GRB 111209A). Hence their conclusion is that there is no evidence for a different origin for ulGRBs, that they are the tail of the distribution of lGRBs, albeit that "how to prolong a GRB central engine duration with a compact progenitor star is an open question" (Zhang et al. 2013) .
Whatever ulGRBs are, specific events or tail of the distribution of lGRBs, it is rather difficult to explain a long lasting event with a compact star, and the extension of the duration of lGRBs does not solve the problem. It is therefore important to understand whether there are two players instead of one in the game. In this Letter we try to address the question on observational grounds: are the properties of GRB 111209A, of GRB 101225A, and eventually of other GRBs distinct from an observational point of view, or are their properties compatible with an extension of the lGRB class toward very long durations? In the latter case, whether the progenitor of ulGRB is different or not from lGRBs, a mechanism has to be found to explain them, or eventually to unify them.
Should ulGRBs belong to the lGRBs class, a second question that arises, that is whether the collapse of a 10-15 solar mass Wolf-Rayet type star can explain ulGRBs. If the answer is negative, the question of the explanation of the duration of lGRBs remains open, as already noted by Zhang et al. (2013) . In this Letter we compare the properties of the longest GRBs in order to answer at least to the first question, and to get some hints on the second.
In Section 2, we present our sample. In Section 3 we make a statistical analysis to determine the possible differences between lGRBs and ulGRBs. We discuss our findings in Section 4, before concluding. In the following, all errors are quoted at the one sigma level except when otherwise stated.
GRB SAMPLE
For consistency with previous studies we use here the sample from Gendre et al. (2013) updated with the data provided in Levan et al. (2013) when applicable. The final sample is listed in Table 1 . It includes the two claimed ultra-long GRBs (GRB 101225A and GRB 111209A), and all the lGRBs lasting more than 1,000 seconds. In order to check the procedure we also included the tidal disruption event Swift J1644+57 (Burrows et al. 2011 ) that belongs with no doubt to another class of transients. This leads to a sample of 10 long bursts (among them two ultra-long events) and one tidal disruption event.
As noted in Gendre et al. (2013) and confirmed in Virgili et al. (2013) two of these bursts present a strong thermal emission during the prompt, and are suspected to be the signature of a supernova shock breakout (GRB 060218 and GRB 100316D). Contrary to Virgili et al. (2013) , we maintain these two events in the following statistical analysis, since the test is based on the lGRB duration. This explains the small discrepancies between our numbers and those of previous works.
STATISTICAL ANALYSIS
We have made several statistical analyses, in order to test if GRB 111209A and GRB 101225A are similar (or not) to the other bursts.
We first use the method of Virgili et al. (2013) , i.e. an analysis of the distribution function of t 90 , the standard measure of the burst duration. We use the distribution of Swift bursts, as of 2013, September 15 th , restricted to long GRBs only. We find similar parameters than Virgili et al. (2013) for the mean of a log-normal distribution, but a slightly lower standard deviation (0.4 instead of 0.5) because we do not exclude GRB 060218 and GRB 110316D from our sample. We find that 12.8 events with duration larger than 630 seconds should be present in the sample: 13 are observed, event probability of 2.168 × 10 −2 ), like Virgili et al. (2013) . We however also test other durations: the probability of finding one event of duration larger than 10,000 seconds is 2.7×10
−5 , i.e. we should expect less than 0.02 ulGRBs, while we get 2.
Assuming a Poisson statistics, we can check the probability to observe a given number of sources. The Poisson probability that an event from the distribution lasts more than 20,000 seconds is 0.58% ; moreover, the probability that 2 events lasting more than 10,000 seconds belong to the distribution is 0.019%. Hence we consider that we have to reject the hypothesis that GRB 111209A and GRB 101225A are the tail of the lGRB distribution: the two ulGRBs, are not very long lGRBs.
This analysis on the duration distribution of lGRBs with respect to the possible ulGRBs is not the only piece of evidence that suggest two distinct classes of events. GRB 111209A and GRB 101225A have also several specific properties that differentiate them from other lGRBs (see details in Thöne et al. 2011 for GRB 101225A; Gendre et al. 2013 for GRB 111209A). For instance, the spectral properties of GRB 111209A as well as GRB 101225A present some differences with the rest of lGRBs: there is a detectable thermal emission during the prompt phase of these bursts. Normal long GRBs do not present a thermal emission, but the well known Band law (Band et al. 1993) . Combining the unusual duration with their peculiar properties and different spectrum, we can conclude that GRB 111209A and 101225A are notably different from classical lGRBs. A similar analysis has been made for sGRBs, and a GRB is considered as a member of the sGRB "class" if it is both "short" and "hard" (see however Siellez et al. 2013 , for a detailed analysis of sGRBs in the rest frame).
DISCUSSION
From the previous results we can conclude that GRB 111209A and GRB 121025A are peculiar events, if not member of a specific class of GRBs. Here we comment on the results obtained by previous authors.
The results obtained by Virgili et al. (2013) show that a duration of a few thousands of seconds (and not a duration larger than 10,000s) is consistent with the fit of distribution of duration observed so far. This is quite understandable, as the fitting procedure is not a statistical test, but a way to approximate an actual distribution with a (given) functional. One may note for instance that our duration test based on bursts with duration larger than 630 seconds conclude that Swift J1644+57 is also a normal lGRB, and not a tidal disruption event.
Since GRB 111209A and GRB 101225A are single events far from the other points they will be always fitted by any adequate function, such as a Gaussian distribution. In other words, fitting is not a statistical test that can be used to discriminate whether a given event belongs, or not, to a distribution. However, we show that the probability that they belong to the same distribution is rejected to a high level of confidence.
The true question here is to know if the progenitors of Gendre et al. (2013) the ultra-long events are the same than the progenitors of normal long GRBs. The duration will not give the answer: to make a parallel, it has been proposed for short GRBs a binary progenitor (Eichler et al. 1989 ) or a magnetar progenitor (Usov 1992) , both producing the same event duration. In our case the question cannot be set by statistical studies because only two events are present in the sample. This argument has also been pointed out by Zhang et al. (2013) , indicating that several other studies are needed before claiming for a given kind of progenitor. Zhang et al. (2013) propose a new measure of the burst duration based on the time during which X-ray flares, taken as a proxy for the duration of the emission of the internal engine, are still emitted. Using this method they derive a distribution of burst duration that continuously spans the interval from 0.01 to 10 6 seconds. However, this burst duration measure is based on the interpretation that internal shocks are emitted continuously during the event. This argument should however be taken with caution. Nousek et al. (2006) have studied the generic X-ray light curve of the afterglow using Swift data. They find that the prompt event is rapidly followed by a steep decay, a break into a shallow decay phase, and a second break into a "normal" decay phase, with possible flares superimposed on both phases. The current interpretation of the phase after the steep decay is the start of the afterglow (e.g. Willingale et al. 2007) . From that point, the central engine is not supposed to inject a significant amount of energy into the fireball, and most (if not all) of the accretion (that fuel the central engine) should have completed.
It is true that late flares are sometime observed in the light curves of lGRBs. However, the interpretation of Xray flares as witness of the central engine activity is still under debate (Lazzati et al. 2011; Swenson & Roming 2013) . Flares can be due to a renewed, or continuing activity of the central engine. They could also be due to a refreshed internal shock due to the (possible) slow velocity of the last blobs of matter ejected by the central engine. As a matter of consequence, the time of the last X-ray flare could measure the velocity of the slowest shells rather than the duration of the central engine activity.
It has been rather difficult so far to interpret whether the flares are due to a renewed, or continuing activity of the central engine. While the latter case would validate the Zhang et al. (2013) proposed definition, the former would make it more ambiguous as it would imply a latency time still accounted for by the measure of t burst , even if the central engine is not active. Last, the detection of X-ray peak might be complicated by the presence of the rise of the afterglow, as it is the case in GRB 110205A (Gendre et al. 2012) . We therefore consider that though interesting for a physical interpretation of the mechanisms at work, the use of t burst is not practical to determine the observational burst properties and connect them to the underlying mechanism since it is model dependent.
In reality, one of the problem faced with the interpretation of the duration of GRB 111209A is the fall back time of the external layers on the central black hole. In our case, not only we see X-ray flares for an extended time, but also a continuous emission of the burst source for more than 6,000 s in gamma-rays, and 20,000 s in X-rays, both emissions being strongly correlated during the time when they were observed together. Though it is probably not the only possibility, accretion from a very extended source like a supergiant star is a natural hypothesis as proposed already by Woosley and Heger (2013) We note that an identical debate about GRB classification arose about GRB 790305b, the so-called "5th March event". When discovered, this event could be taken as compatible with the origin of other GRBs (thought at that time to originate from thermonuclear explosion on galactic neutron stars), or as the single known member of another class of event (Barat et al. 1979; Mazets et al. 1979) . The issue was set with the discovery, 8 years latter, in 1987, of the multiple recurrences of GRB 790107, better known now as SGR 1806-20 (Atteia et al. 1987; Laros et al. 1987) . It is not the first time that the GRB community hesitates to recognize the specific origin of "peculiar" events: the reason of the doubts is that when applied to small samples, statistical tests cannot discriminate between a large sample of GRBs, and the few events claimed to belong to the new "class". Physics has to be applied to check whether it is possible to use the same model for the "peculiar" events or not.
The case of ulGRBs is the same. Two events have a duration one order of magnitude longer than the longest lGRBs and their spectral properties during the prompt phase are markedly different from other "classical" long GRBs. Together, these two pieces of evidences leads us to consider these events to be at the least "peculiar", and difficult to explain within the framework of the classical Wolf-Rayet hypothesis for their origin. It is of course possible that this hypothesis still applies, but a mechanism has to be proposed to explain that extended duration. By extending the duration of all lGRBs, as proposed in Zhang et al. (2013) , an acceptable explanation should then be find for a large part of the lGRB class.
CONCLUSIONS
In this Letter we showed that the properties of GRB 111209A as well as GRB 101225A are outstandingly different from that of other lGRBs, making them representative of a new category of bursts, the ulGRBs. Does another progenitor type explain better the observations? In Gendre et al. (2013) and Stratta et al. (2013) we proposed several possible progenitors, which all imply a larger reservoir to feed the prompt event. We found that GRB 111209A has emitted a large amount of energy continuously for more than 7 hours, with a spectrum different from other GRBs, leading to the conclusion that the central engine has powered the fireball for the same amount of time. The mass and size implied exceed dramatically what is available from a Wolf-Rayet star. Any model of the origin of ulGRBs should account for a large available mass, distributed in such a way to account for the extreme duration of the events. Moreover, we noted already in Gendre et al. (2013) that the properties of these bursts made their detection very difficult, if not impossible at redshifts larger than 1. Such models should then take into account the properties of the "local" Universe, when compared to very distant events. This paper is part of the FIGARO program supported by the Centre National de la Recherche Scientifique (CNRS), Programme National Hautes Energies (PNHE).
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